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(54) Apparatus lor estabttshlng branch we"* from a parent well 

(57) A method and apparatus for craathg multiple 
branch weds from a parent well is disclosed According 
to a first ernbodirnont of the invention a multiple branch- 
ing subs provided tor placement at a branching node 
of a wefl. Such sub include* a branching chamber (32) 
and a phmfity of branching outlet members (34-38). The 
outlet members, during construction of Die branching 
*ub. hav« provkxiftty been rJstortGd into oofong shapes 
so that afl of the branching outlet members fit within an 
imaginary cytinder which is coaxial with and substantial- 
ly the same radius as the branching chamber. According 
to one embodiment, the distorted outlet members are 
characterized by an outer convex shape. In another em- 
bodiment, the distorted outlet members are character- 
ized by an outer concave shape when in a retracted 
state. After deployment of the branching sub via a parent 
c^ng«^wofl,afom^too4l«towefodto!no interior 
of the sub. The outlet members are extended outwardly 
by the terming tool and simultaneously formed into sub- 
etantiaiy round tubes. Next each outlet member is 
plugged with cement, after which each branch weD is 
dnHed through a respective outlet member. If desired, 
each branch may be Dried with casing and sealed to a 
branching outlet by means of a casing hanger A mani- 
fold placed in the branching chamber controls the pro- 
ductionof each branch well tothe parent wet According 
to a second embodiment of the invention, a pressure 
resistant branching sub is provided which may be in- 
stalled n series with a casing string, and the associated 
equipment used for the installation operation and inter- 
vention of a wed. The branching sub Includes a main 
pipe and a lateral out Jot. 
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Description 

This invention rotates generally to the field of weds, 
particularly to the field of establishing branch wells from 
a parent hydrocarbon wel More partfcubrty the inven- 
tion relates to estabSshing multiple branch we Us from a 
common depth point, called a node, deep in the wel. 

BACKGROUND OF THE INVENTION 

Multiple wens have been drilled from a common lo- 
cation, particutarty whQe doling from an offshore plat- 
form where multiple wefts must be drilled to cover the 
great expenses of oSshore drilling. As iBustrated in Fig- 
ures 1 A and t& such wefts are drilled through a com- 
mon conductor pipe, and each wan Includes surface 
casing liners, irtrwrnecfete casing and par"* casing as 
is wefl known h the field of offshore oVfl fog d hydrocar- 
bon wells. OS Patent 5.458. 199 describes apparatus 
end methods for offing multiple wees from a common 
weHbore at or near toe surface of the earth. U.S. Patent 
4,573.541 descnbes a downhole takeoff assembly for 
a parent welt which includes multiple take-off tubes 
which communicate with branched wells from a com- 
mon point 

Branch wets are also known In the art of well drfflrng 
which branch 1mm muftiple points in the parent wed as 
iBustrated in Figure 2_ Branch wells are created from the 
parent wad. but necessarily the parent well extends be- 
low the brancfw>g point of the primary wefl. As a result, 
merjranchtngweflistyp^ 

that of the primary wel which extends below the branch- 
ing point. Furfiermore, difficul sealing problems have 
faced the an for estabOshing communication between 
the branch wel and the primary wel. 

For example. U.S. Patent 5,368,648 describes 
methods relating to well juncture sealing with various 
sets of embodiments to accomplish such sealing. The 
disclosure of the '648 patent proposes solutions to sev- 
eral serious sealing problems which are encountered 
when establishing branches in a weB. Such soaring 
problems relate to me requirement of ensuring toe corv 
nectrvftycf the branch casing Hner with the parent casing 
and to maintaining hydraulic isolation of the juncture un- 
der differential pressure. 

A fundamental problem exists in establishing 
branch wells at a depth ih a primary well in that appara- 
tus for estabSshing such branch wells must be run on 
parent casing which must Bt wthin intermediate casing 
of the well Accordngry, any such apparatus lor estab- 
lishing branch wefts must have an outer diameter which 
is essentially no greater than that of the parent casing. 
Furthermore, i is desirable that when branch weDs are 
estabfished, they have as targe a diameter as posstole. 
Su6 further, * is desirable that such branch welts be fined 
with casing which may be estabfished and sealed with 
the branching equipment with conventional casing 
hangers. 



An fcnportant object of this invention is to provide an 
apparatus and method by which mullple benches con- 
nect to a primary well at a shgle depth in the wel where 
the branch wells are controlled and sealed with respect 
5 to the ptirnaryweBwr^ conventional 
nectione. 

Another important object of this invention is to pro- 
vide a multiple outlet branching cub having an outer oV 
ameter such that a may be run in a weB to a oeolayment 
id location via primary casing. 

Another object of this invention k to provide a mul- 
tiple outlet branching sub In which multiple outlets ere 
fabricated in a retracted state and are expanded while 
downhole at a brancrting c^ployrnent looiion to pro- 
is duce maximum branch weB dtemeters rounded to pro- 
vide conventional Irw-tocasing corrections. 

Another object of this hveritton b topicvioeepper 
ratus lor downhole expansion of retracted outlet mem- 
bers in order to drrect each outlet into an arcuate path 
» outwarcfly from the axis of the primary wel and to ex- 
pand the outlets into an essentially round shape such 
that after a branch welt is drilled through an outlet, con- 
ventionai Bner-to-casing ccwections can be made to 
such outlet members. 

25 

SUMMARY OF THE INVENTION 

These objects and other advantages and I natures 
are provided m a method and apparatus lor establishing 
30 multiple branch wells from a parent wet A multiple 
branching sub is provided for c^plcyrnert « a borehote 
by ineans of a parent casing through a parent wett. The 
branchhg sub includes a branchhgcfiamber which has 
an open first end of cylindrical shape. The branching 
35 chamber has a second end to which brarching outlet 
members are connected. The first end is connected to 
the parent weD casing in a conventional manner, such 
as by threading, for deployment to a branching location 
in the parent wel. 
1 Multiple branching outlet members, each of which 
is integrally connected to the second end cf the branch- 
ing chamber, provide Quid comrrumafaon with the 
branchfig chamber. Each of the outlet mergers is pre- 
fabricated such that such members are is a retracted 
45 position for insertion of tie sub into and down tvough 
the parent well to a deptcyment location despiri toe wel. 
Each of the multiple outlets is substantially total* wthin 
an imaginary cylinder which b coaxial will and of sub- 
stantiorty the same racfius as the first end cf the branch- 
59 ing chamber. The pr ©fabrication of the outiet members 
causes each outlet member to be fjansformed in cross- 
soctional shape f rorn a round or circular shape loan ob- 
long or other suitable shape such that Is outer profile 
fits within the imaginary cylinder. The outer profile of 
5f each outlet member cooperates wtth the outer profiles 
of other outlet mombors to substantially M the area cf 
a cross-section of the imaginary cylinder. As a result, a 
substantially greater cross-sect tonal area cf the multiple 
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outlet members is achieved within a crocs-section of the 
imaginary cyBnder as compared with a corresponding 
number of tubular multiple outlet members of circular 
cross-section. 

The multiple outlet members are constructed of a 5 
material which may bo ptest baity deformed by cold 
forming, A forming tool Is used, after the multiple branch- 
ing sub is deploy ©d in the parent well, to expand at least 
one of the multiple branching outlet members outwardly 
from the connection to the branching chamber. Prefer- to 
ably an of the outlet members are expanded simultane- 
ously. Simultaneously with the outward expansion, the 
mulipto outlets are expanded into a substantially circu- 
lar radial cross-sect)onal shape aJong ther axial extent. 

After the multiple outlet members which branch »* 
Ircm me branching chamoer are expands* each of the 
mutiple brenchirig outlets are plugged Ne^ a terehole 
is cHled through a selected one of the multiple branch- 
ing outlets. A substantially round liner is provided 
through the selected branching outlet and into the » 
branch welL The kner of circular acee-section is sealed 
to the selected branching outlet circular cross-section 
by means of a conventkrtai casing hanger. A borehole 
and liner is established for a plurality of the multiple 
branching outlets. A downhole manifold is instated in ** 
the branching chamber. Next multiple branch wells are 
completed. The production of each branch weB to the 
parent well is controtted with the manifold. 

The apparatus tor expanding an outlet of the multi- 
ple branching sub includes an uphote power and control » 
unit and a downhole operational una. An electrical wire- 
line connects the upfx)le power and cont^ 
downhole operational unit The wirefcne provides a 
physical connection for lowering the downhole opera- 
tional unit to the branching sub and provides an eiectri- & 
cal path lor transmission of power and bWrectionaJ con- 
tra and status signals. 

The downhole operational unit includes a forming 
mechanism arranged and designed for insertion in at 
least one retracted branching outlet member of the sub *o 
(and preferably into all of the outlet members at the 
same time) and tor expanding the outlet member out- 
wardly from Us imaginary cylinder at deployment Pref- 
erably each outlet member is expanded outwardly and 
expanded to a circular radial cross-section simuHane- 45 
ously. The downhole operational unit includes leeching 
and orientation nrechanisms which cooperate with cor- 
responding mechanisms of the sub. Such cooperating 
rr*>chanismsafemmaiom™^ 

oriented within the multiple branching sub so that ft is 50 
aligned with a selected outlet of the sub and preferably 
with all of the outlets of the sub. The downhole opera- 
tionai unit includes a hydraulic pump and a riead having 
hydraulic fluid lines connected to the hydraulic pump. 
The lorm*>g mechanism includes a hydmulically pow- « 
ered forming pad. A telescopic link between each f omv 
ing pad and head provides pressurized hydraulic fluid 
to the forming pads as they move downwardly while ex- 



panding the outlet members. 

According to a second, alternative embodiment of 
the irrventk™. a branching sub c 
multiple branches f rem a pen^casing without the need 
for sealing joints and which allows the use of conven- 
tional wel controlled Bner packer* and casing joints. The 
geometry of the housing of Ihe braixAing sub allows the 
housing to achieve maxxnun pressure rating consider- 
ing the size of the branch cutlet with regard to the size 
of me parent casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, advantages and features of the inven- 
tion will become more apparent by reference to the 
drawings which are a ppended hereto and wherein an 
illustrative embodiment of tie invention Is shown, of 
which: 

Figures 1 A and 1B itostrate a prior art triple liner 
packed in a conductor casing termination in which 
the outlet members are round during InstaBation 
and are packed to fit wfchin the conductor casing; 
Figure 2 illustrates a prior art parent or vertical weP 
and lateral branch wets which extend therefrom; 
Figures 3A. 38, and 3C ilustrale a three outlet 
branching sub accordhg to a first embccSrnent of 
the Invention where Figure 3A is a radial cross-sec- 
tion through the branching outlets of the sub. with 
one outlet completely in a retracted position, with 
another outlet in a postal between its retracted po- 
sition and its fully expended position, and the third 
outlet being in a fully expanded poeabn, and where 
Figure 38 b a raotat cross-section through Ihe 
branching outlets of the sub with each c4 the outlets 
fully expanded alter deployment in a parent wen, 
and Figure 3C Is an axial cross -section of the 
branching sub showing two of Ihe branching outlets 
fully expanded to a round shape in which casing has 
been run into a branch weB and sealed with respect 
to the branching outlets by means of conventional 
finer hanging packers. 

Figure 4 is a perspective view of a three symmetri- 
cal outlet branching sue of a first embodiment of the 
invention win the outlet branches expanded 
Figures 5A.5B.5C.and SDtBustrate conspirations 
of the first enxxxfiment of the invention with asym- 
metrical branching oudets wth at least one outlet 
having larger internal clmensions then the other 
two, with Figure 5A being a radial cross-section 
through the branclung outlets along fine 5A-5A in a 
retracted posiion. win Figure 5B being an axial 
cross-section through the fnes 5B-5B of Figure 5 A, 
with Figure 5C being a racfef cross-section along 
inea5C-5C of Figure 50 w*h the branching outlets 
in an expanded position, and with Figure 5D being 
an axial cross-section along lines 5D-5D of Figure 
5C with Ihe branching outlets m an expanded posi- 
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tion; 

Figures 6A<6E iJostrato radial cross-sections of 
several examples of branching outlet configurations 
of the branching sub according to the first embodi- 
ment of the inventioa with all outlet branches fully s 
expanded from their retracted state during deploy- 
ment in a parent we H. with Figure 6A ilustrating two 
equal diameter outlet branches. Figure 6B illustrat- 
ing three equal diameter outlet branches. Rgure 
6C. tike Figure 5C, ffiustrating three outlet branches 10 
wfth one branch characterized by a larger diameter 
than the other two, with Figure 60 Illustrating four 
equal diameter outlet branches, and with Figure 6E 
ilustrating five outlet branches with the center 
branch being of smaller diameter than the other tS 
tour; 

Figures 7A-7E Bustrate stages of expanding the 
outlet morrfcors of on expandable branching sub ac- 
cording to the indention, with Figure 7 A ilustrating 
,an axial cross-section of the sub showhg multiple » 
branching outlets wth one ouch outtet in a retracted 
position and the other such outlet being expanded 
starting with its connection to the branching head 
and continuing expansion downwardly toward the 
lower opening of the branching outlets, with Figure 2$ 
7B illustrating a nwfej cross-section at axial position 
B of Figure 7A and assuming that each of three 
symmetrical branching outlets are being expanded 
simultaneously, and wfth Figures 7C through 7E 
showing various stages of expansion as a function » 
of axial distance along the branching outlets; 
Figures 8A and 88 illustrate respectively in axial 
cross-section and a radial cross-section along fines 
BB-88, latching and orientation pfc40e*crfabranch- 
ing chamber of the branching sub. and Figure 8A & 
further ilustrates an extension leg and supporting 
shoe for deployment in a parent we8 and for provid- 
ing stability to the branching sub white expanding 
the branching outlets from their retracted position; 
Figure 9 schematically inustrates uphote and down- 40 
hole apparatus tor expand ng the branching outlets 
of the branching sub; 

Figure 10 illustrates steps of the process of expand- 
ing and forming the branching outlets with a pres- 
sure lormtng pad of the apparatus of Figure 9; « 
Figures 11A-11H frustrate steps of en installation 
sequence for a nodaS branching sub and tor creating 
branch weRs from a parent weir, 
Figure 12 iBustrates a branching sub deployed in a 
parent weB and further illustrates branch well liners *> 
hung from branching outlets and stifl further illus- 
trates production apparatus depleted in the branch- 
ing sub for cortfrofling production from branch wells 
into the parent weft; 

Figures 1 3A and 13B gec>motricafly illustrate the in- ss 
crease in branch well size achievable for this inven- 
tion as compared with prior art conventional axial 
branch wells from liners packed at the end of parent 



casing: 

Figures 14A-14D are illustrative sketches of nodal 
branching according to the invention where Figure 
14A iSustratea establishing a node in a parent well 
and establishing branch welts at a common depth 
point in the parent weB. aR of which comrnunicato 
with a parent well at the node of the parent we* with 
Figure 148 ilustrating an expanded branching sub 
when has had Is branching outlets expanded be- 
yond the cfemeter of the parent casing and formed 
to be substantially round; wfth Figure 14C Bustral- 
■ng using a primary node and secondary nodes to 
prorJtKehydrccarborafrOT 
Figure 140 illustrating using an expanded branch- 
ing sub from a primary node to reach multiple sub- 
terranean targets; 

Figure 15A Ouetrates a two outtet version of a 
branch ng sub according to the first embodiment of 
the invention, with Figures 158. 15BT. 15C. and 150 
Ductrating croes-eectional profiles of such two out- 
let version of a branching sub with an attematfce 
posMorrning tool at various depth locations h the 
outlet members; 

Figure 16 Illustrates a two arm alternative version 
of a poet-forming tool; 

Figures 17A-17D illustrate the operation of such al- 
ternative post-forming tool; 
Figures 1 BA - 1 8E illustrate a brarKhing sub accord- 
ng to the firm enxxxkrmmtof the invention with con- 
caw dotormallon o! mo branching outtots; 
Figures 1 9A - 1 9C illustrate an alternative actuating 
apparatus according tothe invention. 
Figures 20A and 208 ilustrate a second embodi- 
ment of the Invention where Figure 20A is an exte- 
rior view of a branching sub w&h a main pipe and a 
lateral branching outlet and Figure 20B b an axial 
section view of such branching sub; 
Figures 21 A and 21 B are axial and radial section 
views of the branching sub of Figures 20Aand208 
but in a retracted state; and Figures 21C and 210 
are axial and radial section views of the branching 
sub of Figures 20A and 208 in an expended state; 
Figure 22 is a graph which shows that the yield 
strength of the housing material of the branching 
sub increases wth the rate of deformation during 
ex p a nsion; 

Figure 23 is a schematic illustration of the branching 
sub according to a second embooTrneni of the in- 
vention where lateral or branch holes are created 
from the main body of the sub or subs to reach dis- 
tinct formations from one main borehole; 
Figure 24 illustrates the use of a deflecting tool 
which may be inserted within the mam pipe of the 
branch ng sub whereby a drilling tool which enters 
from the top of the sub may be directed into the lat- 
eral outlet; 

Figure 25 illustrates two branching subs connected 
in tandem with the tandem connection placed in a 
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series of casing links of a casing string; and 
Figures 26A and 266 illustrate a cap which may be 
welded across the branching outlet h order to close 
ft off for certain wefl operations. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As described above. Figures 1A and IB iPustrate 
the problems with prior art apparatus and methods lor 
establishing branch wets from a parent well. Figures 1 A 
and 1 8 show radial and axial cross-sections of multiple 
outlet finers 12 hung and sealed from a large diameter 
conductor pipe 10. "The outlets are round in ordertofa- 
ciState use of conventional Snng hanger packers 14 to 
seaimeoullet firiers 12lorconwur^ 
ductor pipe 10. The afianoament of Figuree lAandlB 
requires that multiple round outlets of diameter Do fit 
withhttetfameJOTDsltftf* 

cases, especially where the conductor pipemustbedo- 
ployed at a depth in the wet. rather than at the surface 
of the wel. H is not f eastote to provide a borehole of suf- 
ficient outer tfiameter to allow branch weQ outlets of suf- 
ficient diameter to be instated. 

The technique of providing branch wells according 
to the prtorart arrangement depicted In Figure 2creates 
branch wels 22. 24 from a primary well 20. Special seal- 
ing arrangements 26. unlike conventional casing hang- 
ers, must be provided to seal a lined branch well 22. 24 
to the primary well 20. 

Description of Branching Sub According to a First 
Embodiment of tno Invention 

Figures 3A. 38. and 3C illustrate a branching sub 
30 according to the invention. The branching sub in- 
cludes a branching chamber 32, (which may be con- 
nected to and carried by parent well casing (See parent 
casing 604 of Figure 12)), and multiple outlet members, 
for example three outlet members 34. 96. 38 illustrated 
in Figures 3A. 3B. and 3C Figure 3A is a radial cross- 
section view through the branching chamber 32 which 
•austral es one outlet member 34 in a retracted state, a 
second outlet member 36 in the state of being expanded 
c4itwardry. and a third outlet member 38 which has been 
fully expanded outwardty. (Figure 3A is presented for i- 
tustrat Ve purposes, because according to the invention 
it is preferred to expand and circularize each of the out- 
lets simultaneously. ) In the retracted stale, each outlet 
is deformed as shown particularly fc* outlet member 34. 
A round tube is deformed such that its cross-sectional 
interior area remains essentially the same as that of a 
circular or round tube, but rts oxtorkx shape is such that 
it fits cooperatively with the deformed shape of the other 
outlet members, all within an imaginary cylinder having 
a diameter essentially the same as that of the branching 
chamber 32. In that way the branching chamber 32 and 
its retracted outlet members have an effective outer di- 



ameter which atows it to be run in a parent weD to a 
deployment location while attached to a parent cashg. 
Outlet member 34 n its retracted state is illustrated In 
an oblong shape, but other retracted shapes may ateo 

s prove to have advantageous characteristics. For exam- 
ple, a concave central area of deformation in the outer 
side of a retracted outlet member may be advantageous 
to provide a et*er outlet member. Such deformation is 
progressively creator and deeper starting from the top 

io to the bottom of the outlet member. 

Figure 3A shows outlet member 33 in a state of be- 
ing expanded n an arcuate path outwardly from the 
bronchng chamber 32 whfle simultaneously being 
rounded by a downhole forminp^expancfing tool that is 

is descrbod bek*t The arrow* labeled F represent forces 
behg appbed torn tw Interior of the outlet member 36 
h order to expand that outlet member both outwardly ki 
an arcuate pati away from branching chamber 32 and 
to circularize ft from its retracted state (as is the corxfi- 

20 tion of outlet member 34) to its expanded or fully de- 
ployed state t*s outtot member 38. 

Figure 38 is a radial cross-section as viewed by 
fines 38-38 of Figure 3C through the branching sub 30 
at the level of outlet rnembors 36, 38. Figure 3C lius- 

26 trates conventional casing Beers 42, 44 which have 
been installed trough branching chamber 32 end into 
respective outlet members 36. 38. Conventional trier 
hanging pack** 46. 48 seal easing finers 42, 44 to outlet 
members 36. 38. As illustrated in Figures 38 and 3C, if 

» the diameter Ds2 of the branching chamber 32 is the 
same as the diameter Ds! of the conductor pipe of prior 
art Figure IB, tten the outlet diameter D 0 of Figure 3C 
» t.35tniesa»greatasmeomerdcvnGterDoo<Figuro 
1 a The finer oos^s«ctJonal8rea SpOf the sub of Figure 

36 3C is t.82 times as great as the liner cross-sectional 
area So of Figure 1 A. When fully expanded, the effective 
diameter of the expanded outlet members 34. 36. 38 ex- 
ceeds trtat of branching chamber 32. 

Experimerts have been conducted to prove the tea- 

40 stotlty of manufacturing Drenching sub 30 with outlets 
in a retracted state, and later operationally expanding 
outwardly and -ounding the outlets. 

Experiment Phase 1 

45 

Two cas'ng sizes were selected: a first one. one me- 
tar tong was 7 avhdameter casing with a wall thickness 
of 4.5 mm; the second was one meter tong and was 7 
inch diameter casing with a wall thickness of B mm A 

60 hydrauBc jack was designed for placement in a casing 
tor expanding it Each casing was successfully pre- 
formed into an effiptical shape, e.g.. to simulate the 
shape of outlet member 34 in Figure 3A end reformed 
into circular stops wbie using a circularizing forming 

66 head with the jsck Circularity, like mat erf outlet member 
38 of Figure 3A was achieved with plus or minus differ- 
ence from periect circularity of 2 mm. 
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Experiment Phase 2 

Two, one meter long, 7 inch diameter, 23 pound 
casings were machined socially at an angle of 2.5 de- 
grees. The two casings were joined together at their ma- $ 
chined surfaces by electron beam (EB) welding. The 
joined casings were deformed to fit inside an 11 inch 
diameter. The welding at the function of the two casings 
and the casings themselves had no visible cracks. The 
maximum diameter was 10.7 inches; the minirnum di- 
ameter was 10.5 inches. 

a) Machinery 

Before milling each casing at an angle of 2.5 de- 
grees, a spacer was temporarily welded at Is end to 
avoid possfele deformation during macWnhg. Next 
each casing was machined roughly and then finished to 
assure that each machhed surface was coplanar with 
the other. Ttio spacer welded at the end of the casing 
was machined at the same time. 

b) Welding 

The two machined casings were assembled togeth- 
er witha jig. pressed together and carefully positioned 
to maintain alignment of the machined surfaces. The as- 
sembly was then fixed by several tungsten inert gas 
(TIG) spot welds end the pg was removed In an EB 
wetting chamber, the two machined casings were spot 
welded alternately on both sides to avoid possible de- 
formation which could open a gap between the two 
surfaces. Next, about 500 mm were EB welded on one 
side; the combination was turned over and EB welded 
on the o<her side. RnaBy the bottom of t>e combination 
was EB welded and turned over again to complete the 
welding. The result was satisfactory: the weld fillet was 
continuous without any loss of material. As a result, the 
two machined surfaces of the casings were joined with 
no gap. 

c) Deformation 

Deformation was done with a special jig of two por- 
tions of half cylinders pushed against each other by a 
jack with a force of 30 metric tons (66,000 pounds). The 
half cylinders had an inside diameter which was sfightly 
smaller than 11 inches. * jcconfingly, the final diameter 
of the deformed assembly was less than 1 1 riches when 
the junction was deformed. Pliers were placed inside the 
junction to aid deformation of the outlet where it b criti- 
cal: at the end of the tube where the deformation is max- 
imal. 

A large wedge with a 5 degree angle was installed 
between the two outlets to facilitate flattening them 
when deforming. The deformation started at the outlets. 
Force was applied on the pfiers and simultaneously on 
the jack. A force of about one ton was continuously ap- 



plied to the pliers; the outside jig was meed down in 
steps of 125 mm; at each step a force of IS metric tons 
(33,000 pounds) was applied. The operaton was re- 
peated with a force of 20 metric tons (44.000 pounds), 
and the end of the outlets 6tarted to flatten cn me wedge. 
The process was completed at a force of 30 metric tons 
(66,000 pounds). The resulting deformeo oroduct was 
satisfactory. 

It is preferred to modify the shape di the pfiers in 
such a way that the pliers deform the outlet with a 
smooth angle and to weld the wedge after deformation, 
rather than before, and to weld it by using two large 
wedges on each side of it to avoid a 'negatived defor- 
mation of this area 

Experiment Phase 2 was conductod aMOond time, 
but with a steel sheet metal stiffener wetted along the 
EB weWs of both sides of the Junction of thetwocaslngs. 
The junction was deformed as h Experiment Phase 2 
to ft within an 11 inch diameter. A jack wth a force of 
30 metric tons (66.000 pounds) was used Piers, as for 
the first junction, were not used A large wedge was 
used for the first junction with a 5 degree angje cut h 
two and Installed on each side of the welded wedge be- 
tween the two outlets to facilitate flatteritigof the outlets 
when deforrning. The deformation started at the outlets 
and continued toward the junction. This operation was 
repeated with a force of 30 metric tons. T-io end of the 
outlets started to flatten on the Wedge. The portion most 
difficult to deform was around the junction af the casings 
where the outlets are complete inside tut welded to- 
gether, where the welded surface is between the top of 
the inside ellipse and the top of the outside c*pse. As 
a result of this experiment, a hipster capacity jack of 50 
metric tons force was provided. 

Experiment Phase 3 

A full length prototype with two 7 inch casings con- 
nected to a 9 5/8 inch casing was manJactured and 
pressure tested. Testing stopped at 27 bar because de- 
tormation was occurring without pressure /a nation. 

a) Machining 

Machining was performed In the sane way as for 
the two previous junctions except that thelenojh of the 
casings was 1.25 meters instead of 1 meter, and a 
groove was machined around the eltipticd proKte to en- 
hance the EB welding process. Aobftionafy. a bind hole 
was machined on the plane of the cut of each casing to 
install a pin between the two casings to provide better 
positioning. The upper adapter was mactnned out of a 
solid bar of steel on a numerically controfod "riling ma- 
chine to provide a continuous profile between too 7 inch 
casings, with a 2. 5 degree angle, and the 5 5/8 inch cas- 
ing. The adapter was machined to accetf a plug. The 
inner diameter of the lower end of the 7 inch casings 
was machined to accept the expanding pugs. 
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b) Welding 

The two machined casings were assembled togeth- 
er with a jig end pressed together. The assembly was 
then fixed together by several spot TIG welds and the 
jig was removed. In an E B chamber, the two parts were 
EB spot welded alternately on both sides to avoid pos- 
sible deformation. Then the two casings were EB weld- 
ed on one side; the assembly was turned over and EB 
welded on the other side. The assembled casings were 
joined satisfactorily. An adapter was then TIG welded 
on the assembled casings as weD as a wedge in be- 
tween the 7 inch casings. 

c) Pressure Testing 

formation diving pressure testing was measured 
using two linear potentiometers placed on the EB weU 
The pressure was increased by stops of 5 bar, and the 
value of the potentiometer was recorded at atmospheric 
pressure, at the given pressure, and when returned to 
atmocphoric pressure. As a result of such pressure test- 
ing, it was determined that the total plastic deformation 
of the casings near {heir junction was 4.7 mm and out- 
wardly of their junction was 3.7 mm. 

Ex|>eriment Pbase 3 showed that the deformation 
at 27 bar was too high. Nevertheless, the deformation 
was localized in a small area. The upper adapter and 
the large casing welding act as stiffeners. It was deter- 
mined to add a stif ener in the plane of welding which 
can be "anchored" in the area of low deformation. 

Experiment Phase 4 

A fuO length prototype with two 7 inch casings (9 
nimthfcluieas)cccwectedtoa9 
formed tofit inside a 10.6 inch cylinder. This deformation 
was performed using the same jig used for Experiment 
Phase a but with a jack with 50 metric tons capacity 
instead of 30 metric tons. 

a) Deformation Jig 

The deformation jig was modified lo accept a higher 
deforming force and the bar which supports the fixed 
naff shell was reinforced. The pg was boded on a frame 
and a crane was included In the f ramo to Bt the junction 
and Displace It during tl>e deformation process. 

b) Deforming Process 

The change of dimension of the joined casing dur- 
ing deformation was measured using a sficfmg gauge. 
Such change of dimension was measured before apply- 
ing the pressure, under pressure and after releasing the 
pressure. Deformabon started at tho middle of the junc- 
tion where H is stiflest and continued toward the ends of 
the outlets because the deformation must be larger at 



the outlets. The defamation on the bottom of the junc- 
tion was too high on the first run and reached nearly 10 
inches. At the mictfe of the junction, the deformation 
was about 10.6 nches. Except for the bottom end which 

5 was deformed too much wrth negative curvature around 
the wedge, the remainder of the junction stayed around 
10.6 inches. The maximum pressure applied was 670 
bar which required a force of 48 metric tons. For joining 
arxic^fomwg casings of thicker tubes, the pg must be 

to rebuilt to accept large Decerning forces. 

c) Conclusion 

The deformation of the prototype of Experiment 

rs Ptmse4wasccoc^edeosflywfththenewpg.Theca»- 
were reopened to the original shape. 
Figure 4 ts a perspective view of the branchhg sub 
30 of Figures 3A. 3fc\ 3C where the branching sub is 
shown after expansion. Threads 31 are provided at the 

20 top end of branching chamber 32. Threads 31 enable 
branching sub 30 to be connected to a parent casing for 
deployment at a sutterranean location. Outlet members 
34. 36. 38 are shown expanded as they would look 
dovmnoie at the end of a parent well. 

25 Figures 5A-5D illustrate an alternative three outlet 
branching sub 301 according to the invention. Figures 
5A and 5B itustraie h radial and axial cross-section 
views the sub 301 h its retracted position. Outlet mem- 
bers 341 . 361 and 33 1 are illustrated with outlet member 

30 361 being about oqjal to the combinod radial cross-soc- 
tional area of outlet members 341 and 381 combined. 
Each of the outlet members are ctelormed Inwardly from 
a round tubular shape to the shapes as Oust rated in Fig- 
ure 5A *tweby the ccrri>inod deformed areas of ouUet 

35 members 341 . 361 and 361 substantially fill the circular 
area of branching chamber 321. Other ^formation 
shapes may be advantageous as mentioned above. 
Each deformed shape o( outlet members 341 , 361 and 
381 of Figure 5A is characterized by (lor example, of the 

40 outlet member 341 a circular outer section 342 and one 
or more connecting non-circular sections 343, 345. 
Such non-circular sections 343. 345 are cooperativeV 
shaped with section 362 of outlet member 361 and 382 
of outlet number 351 so as to maximize the internal ra- 

45 <£aJ cross-sectional areas of outlet members 341, 361 
and 381. 

Figures 5C and 5D austrate the branching sub 301 
of Figures 5A and 5B after He outlet members have been 
fuBy expanded after deployment in a parent wef. Outlet 

so members 361 and 381 are illustrated as having been 
simultaneously expanded in a gently curving path out- 
wardry from tho axrs o( branching chamber 321 end ex- 
panded radially to form circular tubular shapes from the 
deformed retracted state of Figures 5A and 5a 

« Figures 6A-6E show in schematic form the size of 
expanded outlet members as compared to that of the 
branching charnba- Figure 6A shows two outlet mem- 
bers 241, 242 when have been expanded from a de- 
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formed retracted state. The diameters of outlet mem- 
bers 241 and 242 are substantially greater in an expand- 
ed state as compared to their circular diameters it they 
could not be expanded. Figure 68 repeats the case of 
Figure 3a Figure GC repeats the uneven triple outlet 
configuration as shown in Figures 5A-5D. Figure 6D il- 
lustrates (our expandable outlet members from a 
branching chamber 422. Each of the outlet members 
441 . 442, 443, 445 are of the same diameter Figure 6E 
illustrate* five outlet members, where outlet member 
545 is smaBer than the other four outlet members 541. 
542. 54a 544 Ouftet member 545 may or may not be 
deformed In the retracted state of the branching sub. 

Doscnptbn of M<xhod for Expanding a Deformed 
Retracted Outlet Member 

Figures 7A-7F Uustrate downhote footing heads 
122.124j26oporatr>g8lvanouao^tkioi^merTV 
bers 38. 34. 3$. As shown on the right hand side of Fig- 
ure 7A. a generafized teaming head 122 is shown as it 
enters a deformed retracted outlet member, for example 
outlet member 3a at location a Each of the forming 
heads 1 22. 1 24, 1 26 has not yet reached an outlet mem- 
ber, but the heads have already begun to expand the 
outlet wal of branchng chamber 32 outwardly as illus- 
trated h Figure 7B. The forming heads 122, 124. 126 
continue to expand the outlet members outwardly as 
shown at location C. Figure 7C shows the forming heads 

1 22. 124. 126 expanding the outlet members outwarrjy 
white simultaneously circularizing mem. Forming pads 

123.125. 127 are forced outwardly by a piston in eech 
c« to forming heads 122, 124, 126. The torming heads 
simultaneously bear against central wall region 150 
which acts as a reaction body so as to simultaneously 
expand and form the outlet members 38, 34. 36 whfte 
balancing reactive forces whBe expancSng. Figures 7D 
and 7E illustrate the forming step at locations D and E 
of Figure 7 A. 

Figures 8A and 8B illustrate an axtatty extending 
slot 160 in the branching chamber 32 of branching sub 
30. Such slot 163 cooperates with an orienting and 
tetchng sub of a downrxrfa forming tool for radial posi- 
tioning of such orienting and tallying sub lor forming and 
expanding the mutipte outlet members oownhoie. A 
notch 162 in branching chamt^ 32 is used to 
otownrxfefomungtooisJapreta 

An extension leg 170 projects ctownwaidry from the 
central wall region 1 50 of branching aub 30. A toot 172 
is carried at the end of extension leg 170. In operation, 
foot 172 is lowered to the bottom of the borehole at the 
deployment location, ft provides support to branching 
sub 30 during lorming tool expanding and other opera- 
tions. 



Description of Forming Tool 

a) Ooscnpfon of Embodiment of Figures 9. 10 

s Figures 9 and 10 {frustrate the forming toot used to 
expand multpte outlet members, for example ortet 
numbers 34, 36. 38 of Figures 3A, 38. and 3C and =ig- 
ures 7a 7C. 70 and 7E. The forming tool includes up- 
hot apparatus 100 and downhola apparatus 200. The 
to uptiotoapparatusirXH^^ 

1 02 programmed to control teJemefjy and rxwer supply 
ur* 104 e/>d to recede commarxte^ 
fownatkwto a rujman operate 
has an electrical wirefine 110 spooled thereon for tow- 
is ering downhote apparatus 200 through a parent eel 
cassig and Into flie branching chamber 32 ot a branch- 
ing sub 30 which Is connected to and earned at fheenrj 
of Cw parent casing. 

The downhote apparatus 200 includes a corwan- 
20 tior^catote head 202 whtt 

cat connection to wireSne 110. A telemetry, power sup- 
p6es ami ccntjc4s module 2u^ 
tenetr* power supply and contrcrfctrouha which fwicjon 
to communicate with uphote computer 102 via wireline 
2$ m to provide power and control signals to ob«r>- 
hdte modules. Hydraulic power unit 206 irxiudes a con- 
ventional electrically powered hydraulic pump for sro- 
duang downhote pressurized hydraulic fluid An orent- 
ing and latching sub 208 includes a latching device 210 
» (sdtematical)y Irustrated) tor fitting within notch 1£2 of 
branching chamber 32 of Figure 8A and an onentinfids- 
vios 212 (schemaocalry Wustrated) for cooperating «th 
skt 160 of branching chamber 32. When the dowrhole 
apparatus 200 is lowered Intobranchhg sub 30. orent- 
3s irigcMD»212enter»tieslc<l60a^ 

paratue 2D0 Is further lowered unti the latching donee 
210 enters and latches within notch 162. 

Food traveling head 213 provides hydraulic fluid 
communication between hydraulic power unit 206 and 
40 ms traveling foming heads 122. 124, 1 26. for exanole. 
Teescooic links 1 80 provide pressurized hydraulic luid 
to :rave*ng forming heads 122, 124. 126 as the h*eds 
122. 124, 126 move downwardly within the mufupteout- 
ternernbers, for example outlet members 34,36. 3B of 
45 F<gures7B-7E. Morwtortng heads 182, 184, 1B6arepro- 
vtted to determine the radial d&tarce moved white ra- 
dafly forming an outlet member. 

Figure 10 illustrates traveing forming heads T2& 
124, 1 22 in ditf oront etooos of lorming an outlet meiOer 
so ot Branching sub 30. Forming head 126 is shown mout- 
tes memtoer 30. which is Uustratod by e hoavy Bno brforo 
radial forming in the retracted outlet member 36. The 
ottlet member is shown in light Snea 36*. 36". when* tb© 
ourJot member is depicted as 36* in an intermediate 
ss stage of forming and as 36' in its final formed stags. 

Trie loaning head !24bsriowna3ft tsrarfalrytarm- 
ing retracted outlet member 34 (in light fine) to an nter- 
msdiate stage 34*. A final stage is illustrated as circjJar- 
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ized outlet member 34', The forming head 124. like the 
other two forming heeds 126. 122. Includes a piston 151 
on which loaning pad 125 to mounted Piston 151 is 
forced outwardly by hydraulic fluid applied to opening 
hydraulic tine 152 and is forced inwardly by hydraufc 
fluid epptted to ctoeng bydraufc line 154. A caliper sen- 
sor 1B4 to provided to determine the amount of radial 
travel of piston 151 end forming pad 125, for example. 
Sulable seals are provided between the piston 151 and 
the forming head 124. 

The forming head 122 and forming pad 123 are B- 
fustrated in Figure 10 to indicate that under certain cir- 
cumstances the shape of the outlet member 38 may be 
"ever expanded- to crwa* a sliohtry oblong *bap©d cx4- 
let, such that when racial forming force from forming pad 
123 and forming head 122 to removed, the outlet wil 
spring beck hto a oievtar shape due lo residual steal te- 
lly of the steel outlet member. 

At the level of tie branching chamber 32. forming 
heads 122. 124. 125. balance each other against the 
reaction forces whet forcing toe walls of the chamber 
outwardry. Accordngty iho forming heads 1 22. 124.126 
are operated simutaneousry, for example at level B of 
Figure 7 A while kwring the lower end of the waN of the 
branching chambef 32 outwardly When a kxming head 
122 enters an outlet member 38 tor example, the pad 
reaction forces are evenly supported by the central wal 
region 1 50 of the branching chamber 32. The telescopic 
links 160 may be rotated a smaJ amount so that the 
forming pads 127. 125. 123 can apply pressure to the 
right or left from the normal axis and thereby improve 
the roundness or drcutarity of the outlet members. After 
a forming sequence is performed, for example at loca- 
tion D in Figure 7 A. tie pressure to released from piston 
151. and the telescopic Inks 160 lower tie forming 
heads 122. for example, down by one step. Then the 
pressure ts raisod agan lor forming the out tot mombors 
and so forth. 

The compositon of the materials of which the 
branching sub 30 is constructed re preferably of an a Hoy 
steel with austencc structure, such as manganese 
steel, or nickel alleys such as "Monet" and InconeT se- 
ries. Such materials provide substantial plastic deforma- 
tion with cold forming thereby providing strengthening. 

b) Description of Alemative Embodiment of Figures 
15A-15D, 16and17A-l70 

An altematrve rxxMorming tool is Ifustrated in Fig- 
ures 15A. 158. 158r. 15C. 15D, 16. and 17A-17D. The 
post •forming tool 1500 is supported by common down- 
hole components of Figure 9 including a cable head 202, 
telemetry, power supplies and controls module 204. hy- 
draulic power unit 206 end an orienting and latching sub 
208. Figure 16 illustrates that post forming tool 1500 in- 
cludes a travel actuator 1510. A piston 1512 of travel 
actuator 1510 moves from an upper retracted position 
as shown in Figure 1 7A to a lower extended position as 



shown in Figures 17C and 17D. Figure 17B shows the 
piston 1512 in an intermediate position. Piston 1512 
moves to intermediate positions depending on the de- 
sired travel positions of forming heads in the outlet mem- 
s bers. 

Figures 16 and 17D Uustrate a two forming head 
embodiment of the post-forming tool 1500 where two 
outlet members (e.g.. see outlet members 1560 and 
1 562 of Figures 1 5A-1 5D| are illustrated. Three or more 
to outlet members may be provided with a conesponding 
number of forming heads and actuators provided. Links 
1514 connect the piston 1512 to actuator cylinders 
1516. Accordingly, actuator cylinders 1516 are forced 
downwardly nto outlet members 1560. 1562 as piston 
1512 moves downwardly. 

Actuator cylinders 1516 each include a rTydrauRcal- 
fy driven piston 1518 which receives pressurized hy- 
draulic fluid from hydraufc power unit 206 (Figure 9) via 
travel actuator 1 510 and Inks 1514. The piston 1518 is 
co in an upper position as Sustrated in Figures 17A and 
1 7C and in a lower position as illustrated in Figures 1 7B 
and 17D. 

The actuator cylinders 1516 are pfvotally linked via 
links 1524 to forming pads 1520. The pistons 1518 are 
25 inked via rods 1526 to expanding rollers 1522. As 
shown in Figures 17A and 15B\ the forming pads 1520 
enter an opening of two retracted outlet members as il- 
lustrated in Figure 15B. The expanding roOers 1522 and 
forming pads 1520 are in a retracted position within re- 
oo tracted outlet members 1560. 1562. 

The piston 1512 is stroked downwardly a small 
amount to move actuator cylhders 1516 downwardly a 
small amount Next, pistons 1518 are stroked down- 
wardly causing expanding rollers 1522 to move along 
3S the inclined interior lace of forming pads 1520 causing 
the pads to push outwanfy against the interior walls of 
retracted outlet members 1560, 1562 unti the outlet 
members achieve a circular shape at that level. Simul- 
taneously: the outlet members are forced outwardly 
*o from the axis of the muttiote outlet sub 1550. Next, the 
pistons 1518 are stroked upwardly, thereby returning 
the expanding rollers 1522 to the positions as shown in 
Figure 15C. The piston 1512 is stroked another arnal 
distance downwardly thereby moving the forming pads 
«« 1520 further down into the outlet members 1560. 1562. 
Again, the pistons 151 Bare stroked downwardly to fur- 
ther expand the outlet members 1560, 1562 outwardly 
and to circularize the outlets. The process to continued 
until the positions of Figures 15D and 170 are reached 
« which illustrate the position of the forming pads 1520 
and actuator cylinders 1516 at the distal end of the mul- 
tiple outlet members 1560, 1562. 

Description of Method for Providing Branch Welts 

ss 

Figures 11A-11H and Figure 12 describe the proc- 
ess for establishing branch wells from a branching sub 
30 tn a we 0 The branching sub 30 is illustrated as havhg 
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throe out lei members 34. 36. 38 (per Vie example of Fig- 
ures 3A. 38, 3C and Rgu/es 7A-7E) but any number of 
outlets may also be used as ilustrated in Figures CA- 
GE. Only the outlets 33. 36 are flustrated from the axial 
cross-sectionaJ views presented, but of course a third 
outlet 34 exists for a three outlet example, but it is not 
visfcle in the views of Figures HA-ilHor Figure 12. 

Figure 11A shows lhat the branching sub 30 is first 
connected to the lower end of a parent casing 604 which 
Is conveyed through htermecfcate casing 602 (if 
present). Intermediate casing 602 lines the weDbcre and 
is typically run through surface casing 600. Surface cas- 
ing 600 and intermediate casing 6Q2 are typically pro- 
vided to foe the woJIboro. The parent casing 604 may 
be hung from intermediate casing 602 or from the weB- 
headat the surface of (he earti or on a production plat- 
form. 

The outlet members 36, 38 (34 not shown) are in 
the retracted position. Slot 160 and notch 162 are pro- 
vided to branchng chamber 32 of blanching sub 30 (see 
Figure 12) to cooperate with orienting device 212 and 
latching device 210 of orienting and latching sub 208 of 
oownhole apparatus 200 (See Figure 9). When the par- 
ent casing 604 is set downhote. the branching sub 30 
may be oriented by rotating the parent casing 604 or by 
rotating only the branching sub 30 where a swivel joint 
is installed (not illustrated) ai the connection ol the 
branching sub 30 with the parent well casing 604. The 
orienting process may be monsored and controlled by 
gyroscopic or inclinometer survey methods. 

Description of Attematrve Ernbodront of Figures 18A- 
1BFand19A-19C 

Figures 1BA-18F illustrate concave deformation of 
outlet rnernbers in a retracted state of a branching sub 
according toan alternative embodiment of the invention 
The outlets are shaped similar to that of a ruled Burtace 
she! Concave deformation cf retracted outlet mem- 
bers, under certain circumstances, provides advantag- 
es for particular outlet arranpements, especially for 
three or more outlet nodal junctions. 

Figure 18A illustrates, in a radial cross section 
through lines l8Aof the brarv^w^ci»rnber1821.ofthe 
branching sub 1850 of Figure IBB. that the outlets have 
a concave shape. Stiffening structure 1800 Is provided 
at the Juncture of each outlet member 1881. 1842. 1B61 
wtth fts noigfibor. Aa a result the area that is capable of 
plastic deformation is reduced as the number of outlets 
increases. Providing the retracted shape of the outlet 
members, as in Figures 18A and 188. aBows minimiza- 
tion of the area to be deformed, and simultaneously re- 
spects the principle of deformation of a ruled surface 
sheU that slows expansion by post-forming with a min- 
imum of energy required. Figure ISA itostrates an en- 
velope 1810c4 theovorandtamcierof mo branching sub 
1850 when the outlet rnernbers 1881. 1842. 1861 are 
retracted. The arrow 1806 points to a circled area of 



structural reinforcement Arrow 1804 points to an area 
of concave deformation of the outlets in branching 
chamber 1821. 

Figure 18C Kustratea the branching sub 1650 at a 

5 longitudinal position at the junction of the outlet mem- 
bers wth a radial cross section through fines 18C of Fig- 
ure 18a Arrow 1810 points to the outer envelope of the 
branching sub in its retracted stats. Figure 180 8lus- 
trat es ma branching sub 1 B50 near the end of iheouUets 

to while in a retracted state. Arrow 181 0 points to the outer 
envelope of branching sub 1850 h the retracted state, 
while arrows 168V. l842'ai^ie61 , poW to dashed line 
oulfines of the outlet members 1881, 1842 and 1861. 
respectively, after expansion. 

is Figures 18E and 18F Illustrate the branching sub 
1B50 in an expanded state where Figure 1BE Is a radial 
cross section of through the outlet members at the end 
of the outlet Arrow 1810 points to the outer envelope of 
the branching sub 1B50 when in a retracted state; arrow 

20 1810* points to the outer errvelcpe when the outlet rnern- 
bers 188V. 184? and 186V have been expanded 

A preferred way of placing the outlet members 
1881. 1842. 1861 into the retracted state of Figures 18A- 
18D la to construct the sub with the geometry of Figure 

6 18E and apcty concave pliers along the vertical plan of 
axis symmetry of the junction. The deformation te prr> 
gressrvery greater and deeper starting from the top of 
the outlet members (Figure 18A) to the bottom of the 
outlet members. The entire Junction of outlet members 

30 1881. 1842. 1861 to branching chatnber 1821 prefera- 
bly includes welding of super ptastic materials such as 
nickel-based alloys (Mono! or tnconet, for example) In 
the deformed areas and materials of higher yield 
strength In Iho rcrH^forrnod part c4 the branching »ub. 

x Electron beam weldtog is a preferred method of welding 
(he oornpoeite she! of the branching sub. because elec- 
tron beam welding minimizes welding induced stresses 
and allows ,oinng of sections of different compositions 
and thick walls with minvnum loss of strength. 

40 Figures 19A 1 9B and 19C Oustrate a poet-forming 
toot 1 926 similar to the post-forming tool of Figures 1 5B*- 
15D and 16 deserted above. An actuator sonde (not 
shown) supports the poet-torming tool 1926 including 
actuator 1910. push rod 1927, and forming rollers 1929. 

45 Figure 19A shows an axial section schematic of the 
pc^-torrning too) 1926 operating in one outlet member 
1881 of branching sub 1650 when It begins to expand 
such outlet member. Figure 1 9Q ftustralas a similar axial 
section where actuator 1 910 has been stroked outward- 

so ly to force push rod 1927 and travefing kmrvng head 
1928 downward, with forming rotters 1929 expanding 
outlet member 1881 outwardly while simultaneously 
rounding it Figure 19C shows a vertical cross section 
Ohc^ Ihe branching sub 1850 with a traveling toimirtg 
55 head 1 928 in each of the three outlet members 1881. 
1842. 1 861 . Forming rotters 1 929 lorce the concave por- 
tion of outlet members 1881. 1842 and 1861 outwardly 
while support rollers 1 931 are supported against stfflen- 
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ing structure 1600. Push beams 1933 provide a frame 
for roteUonaBy supporting terming rollers 1929 and sup- 
porl rollers 1931. Springs and linkages (not illustrated) 
are provided among push beams 1933. forming rotors 
1 929, and support rollers 1 931 to insure thai aO moving 
pads retract to a top position so that the overall todcS- 
ameter collapses to the diameter of the branching cham- 
ber 1821 (Figure 168) of the branching sub 1850. 

In operation, the traveling loaning head 1 928 ot Fig- 
ures 19A-1 9C toftows a sequence of steps similar to tat 
described above with respect to Figures 17A-17D The 
post-forming tool 1 926 b conveyed by means ot a wire- 
Bna and its associated sonde vnlh cable head, telemetry 
power supplies and controls sub, hydraulic power unit, 
and orienting and latching sub, and is set so Ihat tie 
actuator 1910 seats above foe top ot the Junction of s*i- 
sntog structure 1600. The travelng forming head 1928, 
comprising push beams 1933 carrying forming rcfcrx 
1929 and support rollers 1931. is pushed dcnvnwaiciy 
by povwingactuator 1 910 so that the expansion ot each 
outlet member (e.g.. 1881 . 1942. 1861) begins at to lop 
end where ft exfts from the branching chamber 1 821 and 
continues to the lower end of each outlet member. This 
sequence is repeated until the proper circular shape is 
acrttevoo. 

Figure 11B fflustrates the forming step descrtoed 
above with forming heads 122. 126 shown forming out- 
let members 38. 36 with hydraulic fluid being provbed 
by teleecopic Unto 180 from hydraulic power unit 206 
and fixed traveling head 213. The outlet members 36. 
38 are rounded to maximize the cSameter of the branch 
wefts and to cooperate by fitting with finer hangers or 
paduireh the steps dew 

of Figure 11B also strengthens the outlet members 36. 
38 by their bong coW formod. As descrfcod abeve, trie 
preferred material of the outlet members 36. 38 cl *e 
branching sub b alloyed steel with an austenrbc struc- 
ture, such as manganese steel, which provides substan- 
tial plastic deformation combined with high strengthen- 
ing. Cold forming (ptastic deformation) of a nickel efloy 
sieet. such as Inconer. thus increases the >*ekJ 
strength of the base material at the bottom end d the 
Oranctung chamber 32 and in the outlet members 36, 
38. The outlet members are formed into a final euboan- 
bafly ckcutar radial cross-section by plastic doforrrctcn. 

As described above. I is preferred under mostcon- 
ott tons to convey and control the rtowrthoie terming ap- 
paratus 200 by means of wireline 110, but under certain 
condtlons. e.g.. under-balanced welbore concttons, 
(or in a highly deviated or horizontal werT) a coded tubing 
equipped with a wireline may reptaea the wireline atone. 
As illustrated in Figure 11B and described above, the 
downhole terming apparatus 200 is oriented, sol and 
locked Into the branching sub 30. Latching device 210 
snaps into notch 162 as shown in Figure 11B (see also 
Figure 12). Hydraulic pressure generated by hydrauSc 
power unit 206 b apphod to pistons in forming heads 
122, 1 26 that are supported by telescopic links 1 80 Af- 



ter a forming sequence has been per? omed the pres- 
sure is released from (he pistons, and the telescope 
links 180 tower the forming pads dowtr by one step. 
Then the pressure is raised again and so on until the 

$ tormng stop is completed with the ounce members cir- 
cularized After the outlet members am expanded, the 
downhole forming apparatus 200 is renoved from the 
parent casing 604. 

Figures 1 1 C and 1 1 D frustrate the cementing steps 

to tor exxwecting the parent casing 604 ar^ 

sub 30 Into the well Plugs or packers BOO are installed 
into tfie outlet mernbers 36, 38. The preferred way to set 
the packers 800 is wfch a nurttirple head sfl^ 
veyed either by cementing strhg804csarx«tubfig 

is (not iRustrated). A muliple head stingy includes muBI- 
ple heads each equipped with a cemertng tow shoe. 
Tt>esthger802blatr^artf 
chamber 32 of branching sub 30 in a menner simirar to 
that cfescrfced above w* respect to F©jt» tlR As I- 

zo tustratednFtoAjre llD.cemert 

cementing string 804 into the packers 800. and after In- 
flating the packers 800 flows througtr conventional 
check valves (not shown) into the armuus owoside par- 
ent casing 604, including the bottom branching section 

& 1000. Next, the cementing string 804 is fuOedout of the 
hole after disccrinecting and leaving packers 800 in 
place as shown h Figure 1IE 

As shown in Figure 11 F. individual trancfri wells (e. 
g. 801) are selectively drifted ushg any suit^>le drilling 

30 technique. After a branch wel has been driBad, a liner 
805 » instarTedt connected, and sealed in the outlet 
member. 36 for example, with a corvMntnoaf casing 
hanger 606 at fhe outlet of the branching sob 30 (See 
Figures 11G and 11H). The Bnermay bscensented (as 

3S illustrated in Figure 110) or it may be retrievable do- 
pendrng on the production or infection parameters, and 
a second branch well 808 may be drifted as ikistrated 
in Figure 11 H. 

Figure 12 illustrates completion d branch wells 

49 from a branching sub at a node ot a pa-ant wel having 
parent casing 604 run through intermedate casing 602 
and surface casing 600 from wetneac 510- As men- 
tioned above, parent casing 604 may bs hur*g from m- 
termectiaJeca3*g602ratr^ 

45 illustrated. The preferred method of coriipieting the well 
is to connect the branch weBs 801, 80BtD a ctownhole 
manifo«612 set in the branching ctemts»3Zabovethe 
junction of the branch welb 801. 808. The ctownhole 
rnanifoH 6 1 2 is oriented and fetched in b^ncfringcham- 

so ber32namannersrmtotothattf^ 

ing tool as frustrated in Figures 8A» SB and 11B. The 
downhole manifold 612 altows for cc*itnic#^r>rortoc- 
tion of each respective branch wel and provides for se- 
lective re-entry of the branch weBs 801 . 3)8 *Ah testing 

SS or mainlenance equipment which mar be conveyed 
through rxoduction tubing 820 from the surface. 

In case of remedial work in the parant casing 604. 
the downhole manifold 612 can isolate the parent well 
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from the branch wells 801 , 808 by plugging the outlet of 
the oovmhote manifold 612. Thb is done by conveying 
a packer through production tubing 820. and setting it 
in the outlet of downhote manifold 612 before discon- 
necting and removing the production tubing 820. valves 
controllable from the surface and testing equipment can 
also be placed in the downhole equipment The down- 
hole manifold 612 can also be connected to multiple 
completion tubing such that each branch well 801. 808 
can be independently connected to the surface wen- 
head. 

The use of a branching sub for branch weD forma- 
tion, aft described above, for a triple branch well config- 
uration, allows the use of dramaiicaty smaller parent 
casing as compared to that required in the prior art ar- 
rangement of Figures 1 A and 1 a The relationships be- 
tween the branching sub dian^rtorDs, to 
panded outlet dfemeter Do, and the maximum diameter 
of a conventional axial branch D c for a two outlet case 
te shown In Figure 13A. and for a twee outlet case In 
Figure 138. The same fund of analysis applies for other 
multiple outlet arrangements. In comparison to an 
equivalent axial branching that could be made of Bners 
packed at the end of the parent casng. the branching 
well methods and apparatus of the present invention at* 
Iowa gain in branch crocs-sectional area ranging from 
20 to 80 percent 

Figures 14A-140 illustrate various uses of two node 
branch wed configurations according to the invention. 
Figures 1 4A and 14B frustrate a branching sub at a node 
according to the invention. Figure 14C frustrates how 
branch weDs may be used to drain a stogie etxata or res- 
ervoir 1100. whfle Figure 140 illustrates the use of a sin- 
gle node by which multiple branch we is are directed to 
different target zones 1120. 1140. 1 1 60. Any branch well 
may be treated as a single wel for any Intervention, 
plugging, or abandortment, separate from the other 
wells. 

Description of Alternative Embodiment of a Branching 
Sub According to the Invention 

a) Description of Alt amative Branching Sub 

Figures 20A and 20B show an alternative embodi- 
ment 3000 of the invention of a branching sub. Figure 
20A shows an exterior view of the branching sub 3000 
including a housing 3002 having threaded ends 3004. 
3006. The branching sub 3000 of Figures 20A» 20B is 
illustrated in an expanded or post-formed state The 
branching sub 3000 includes a main ppe 3010 which 
defines a feed through channel XII (see Figure 20B) 
and at least one fateral branching outlet 3012 which de- 
fines a lateral channel 30 1 3 (see Figure 208). A branch- 
ing chamber 3006 is defined between the top channel 
3007 and the lead through channel 3011 and tateral 
channel 301 3. A bottom bole assembly (BHA) deflecting 
. area 3015 separates main pipe 3010 from lateral 



branching outlet 3012. 

In a retracted state, the branching sub 3000 may be 
placed in series win sections of wen casing and posi- 
tioned in a borehole witi the running of the casing string 

5 into the borehole. After placement in the borehole, the 
housing of the branching sub 3000 is post-formed so 
that both the feed through channel 301 1 and the lateral 
channel 3013 (or multiple branching outlets) are shaped 
to a final geometry which increases resistance to pres- 

io sure and which maxinuzes the drift diameter of tho lat- 
eral channel 3013 and the feed trough channel 3011. 
Longitudinal nbs 3018 provide strength to the housing 
3002 of the branching sub 3000. Longitudinal rib 3018 
extends the entire axial tengjth of the branching sub 3000 

>5 and b integral with the BHA deflecting area 301 5 for a 
distance from the bottom threaded end 3006 of the 
branching sub 3000 to the branching chamber 3008. 

Figures 21A-21D schematically Itustrata the 
branching sub 3000 h As retracted state (see Figures 

20 21A.21B) and to its expanded state (see Figures 21C. 
21 01 In the retracted state shown in Figures 21 A. 21 B, 
the main pipe 3010 and the branching outlet 301 2 have 
been prefabricated so that the maximum outer diameter 
D of the branching sub 3000 is not greater than (he top 

25 threaded end 3004 or bottom threaded end 3006. Figure 
21 B. taken along section fine 21B of Figure 21 A, ilus- 
trates the oblong shape of the feed through channel 
3011 of main pipe 3010 and of the lateral channel 3013 
of lateral branching outlet 3012. In the retracted state. 

so branching sub 3000 can be placed between sections of 
borehole casing and run into an open borehole to a se- 
lected depth. 

Figures 21C and 21 D schematically ttustrate the 
branching sub 3000 after ft has had Its feed trtrough 

35 channel 3011 expended and te lateral channel 301 3 ex- 
pendodL The maximum cSameter in the expanded state, 
performed downhole, at section line 21 D is D* as com- 
pared to the diameter 0 of the top and bottom threaded 
ends 3004. 3006 of the branching sub 3000. Figure 21 D 

*o illustrate* that the main pipe 3010 and the tateral 
branching outlet 301 2 rot only have been expanded out- 
wardly from their retracted state of Figures 21 A. 21 B. 
but that they have been substantially circularized. Thus, 
in Figure 21 D, feed through channel 3011 and lateral 

45 channel X13 are characterized by substantial^ circular 
internal dtameters. 

The downhole post-kxrning method and apparatus 
illustrated and dssc rt jsd above by reference to Figures 
7A-7E. BA, BB. 9 and to are used to expand the teed 

so through channel 3011 and the tateral channel 30ia 

The construction of branching sub 3000 b based on 
the combrkatiori of material and geometrical properties 
of the BHA deflecting area 3015. The material b specif- 
ically selected and treated to allow a targe rate of defor- 

&s mat ion without cracks. The geometry of the wal is such 
that both its combined thickness and shape ensure a 
continuous and progressive rale of deformation during 
the expansion. The plastic deformation increases the 
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yield strength by cold work effect and hence gives the 
Joint an acceptable strength thai is required to support 
the pressure and liner hanging forces. Figure 22 shows 
the! the yield strength after expansion increases with the 
rata of deformation of the outlets. A preferred material 
for use in the poet-forming areas is a fine grain normal- 
ized carbon steel or an oust on it ic manganese alloyed 
steel that reacts favorably to cold working. A preferred 
construction method b to manufacture different specific 
components in order to optimize the material and form- 
ing process of each particular part In a final stage, the 
components are welded together so that the housing 
3002 becomes one single continuous structural shell 

b) Description of Use of Alternative Branching Sub 

Figure 23 schematically Kustraies the use of the af- 
temafive blanching sub 3000 as described above. A 
preferred use of the branching sub 3000 is tor providing 
mu&ipto branches In a parent well. Such multiple 
branches may improve the cfrainage of a subterranean 
formation. 

Before the invention of the branching sub 3000 of 
Figures 20 A, 20B and 21A-21 D. connection of a lateral 
branch to a parent weO has generally mads use of an 
arrangement off several parts with sealing of the branch 
wel to the parent well wth rubber, resin or cement. Such 
joints require a complex method of installation and 
present a risk of hydraulic isolation failure after several 
pressure cycles in the weB. 

The branching sub 3000 according to the invention 
allows for providing multiple branches from a parent 
casing with no sealing joint, but with conventional liner 
hanging packers and casing joints. The geometry of the 
housing 3002 of branching sub 3000 allows the pres- 
sure rating of the sub and the size of the branch lobe 
maximized with regard to the parent casing size. Figure 
23 shows an example of the uee of a branching sub 3000 
where, after expansion downhole. branch wells 3014 
are provided to separate parts of the earth's crust by 
means of lateral channels 3013. The branch wells 30 4 
can be usod f<x oxtmdion. storage Of jnjocton ol varies 
fluids such as mono or pory-phasic ftiidsofrwdrccarbon 
products, steam or water. 

c) Description of Denection Apparatus and Procedures 

Figure 24 Mustrates how a drilling tool 3030 can bo 
guided or deflected from main pipe 3010 into lateral 
branching outlet 3012 after the branching sub 3000 has 
beenexparxtedobwnhole. A deflecting toot 3036 is set 
in man ppe 3010 by means of elements which cooper- 
ate win the posforwig grove 30^ 
and slot 3042 illustrated schematically. 

Several lateral branching subs can be stacked in 
tandem at a location in the well or at several places 
along Ihe casing string in order to provide optimal com- 
munication with various lormations from the parent wen. 



Figure 25 iBustrates two branching subs 30C0 according 
to the alt amative embodiment of the invention which are 
connected in tandem in a casing string 3300. Where two 
or more branchng subs 3000 are connected in a casing 

s string 3300. each sub can be c^ted with fie same or 
a different face angle for the lateral branches. As a con- 
sequence, different angular orientations fron the parent 
well may be provided to reach a large volume of subter- 
ranean formations with Different lateral branches. The 

to casr^ string 3300 rrwy be orients 

tally, or it may be tited; but the lateral branches may in 
any case extend laterally from the parent casing. Al- 
though departing at a narrow angle from the casing 
string 3300. lateral boreholes from the lateral oudets of 

15 brancrung subs 3000 can be due^^ 
ticai deviated or horizontal orientation. 

Figure. 26A and 268 Hrustrate a dri&abfe cap 3400 
welded about the opening of lateral branching outlet 
301 2 h its retracted and expanded conditions, rospec- 

2© tivefy. When conveying the casing stririg to the bore- 
hole, the cap 3400 isolates the lateral chamd 3D13 from 
the borehole and maintains a differential pressure 
across the casing wall which may be required tocontrol 
the borehole pressure when casing is conveyed down- 

2S hole. When the lateral branch is to be dnUed, a drilling 
tool bores throuojh cap 3400 and into a formation to form 
a lateral branch. 

d) Description of Advantages and Features of 
m Alternative Branching Sub 

As menttoned above, a single branching sub 3000 
can be provided with more than one lateral cut**. Such 
muftipte outlets can be ccptanar wth each C4her or noo- 

x coptanar. A single branching sub 3000 can be connect- 
ed n tandem with one or more other branching subs 
3000 either at its top end or Its bottom end A branching 
sub 3000 can be f^rovrided withafootatitstower end in 
a simitar manner to foot 1 72 of Figure 8A 

*o A lateral branching outlet 301 2 of Figixe 20B may 
support a liner hanging packer which holds a liner con- 
nected to the housing 3002 in order tc isolate the 
branchhg chamber 3008 from the borehote. Appropri- 
ate grooves at the top ol the lateral branching outlet 

45 3012 may be provided to secure the Oner hanger and 
r*evenl the Bni* from 

let during the liner setting operation or latet Alewtatrve- 
ly the interior wal of thr lateral branching outlet 3012 
can be provided wfthout grooves. 

so The lateral branching outlet XI 2 can be terminated 
wrrmarampthatguirjesthed 
drilling of the lateral borehole. Such ramp can prevent 
the drilling bit from accidentally drilling bade toward the 
main pipe 3010. 

&s Other structures may be provided inside the 
branching chamber 3008 ouch as a guidance tamp, sec- 
ondary pos Honing groove, or the like to irafidate con- 
veying equipment through the leed throogh channel 
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3011 or toward a specific lateral channel 3013. The 
branching chamber 3008, or the lateral branding outlet 
301 Z or the main pipe 301 0. can be provided with tem- 
porary or permanent flow control devices such as 
valves, chokes, or temporary or permanent recording 
equipment with temperature, pressure or seismic sen- 
sors, lor example. The branching chamber 3008 can al- 
so be provided with a production tubing interlace wfth a 
How connector, or a flow cfiverter, or an isolating packer. 
A lateral branching outlet 30 1 2 can also be provided wfth 
an artificial Iffbng device such as a pump, gas influx in- 
jectors, and me bice. 

As an alternative to the apparatus and techniques 
of Figures 7-10 for expanding the main pipe 3010 and 
the lateral branching outlet 3012, an inflatable packer 
may be placed on the inside wal of the main ppo 3010 
or the lateral branching outlet 301 2 wh ereby the expan- 
sion force of the packer is used to expand the pipes by 
plastic deformation. 

Various rixxfifications and alterations in the de- 
scribed methods and apparatus wil be apparent to 
those skilled n the art of the foregoing descnptxxi which 
do not depart from the spirit of the invention. For this 
reason, such changes are desired to be included within 
the scope of fre appended claims which incJudo the onty 
limitations to the present invention. The descriptive 
manner which is employed for setting forth the embod- 
iments should be interpreted as atustratrve but not limi- 
tative. 




1. A multiple branching sub designed and arranged for 
deployment in a borehole comprising: 

a branching chamber having an open first end 
of cylindrical shape and a second end. said 
branching chamber designed and arranged for 
sealed connection at said first end to casing in 
a borehole; and 

multiple branching outlet members, each of 
which is integrally connected to said second 
end of said branching chamber, each of said 
multiple branching outlet members being in flu- 
id communication with said branching cham- 
ber, said sub characterized by: 
a retracted position for insertion into a bc*ohc4e 
in which each of said muKfple outlet members 
is substantially totafly within an imaginary cyl- 
inder which is coaxial with and of substantially 
the same radius as said first end of said branch- 
ing chamber, end 

an expanded position in which at least one of 
said multiple outlet members extends from said 
branching chamber in a path outwardly of said 
imaginary cylinder, and 
wherein said branching outlet members, when 



in said retractod position, are characterized by 
an outer curved shape when a radial cross-sec- 
tion of said branching outlet members b viewed 
tram outside said Imaginary cy*xier. 

5 

2. The sub of claim 1 wherein said branching outlet 
members, when in said retracted position, are char- 
acterized by an outer convex or concave shape 
*hen a radial cross-section of said branching outlet 

to members is viewed from outside sa d imaginary cyl- 
inder. 

3. The sub of dalm 1 wherein said outlet members are 
designed and arranged such that in said expanded 

is position, each of sax) multiple outlet members ex- 
tend in an arcuato path Ircmsai^ 
ber outward? of said Irraginary cySnder. 

4. The sub of claim 1 wherein said multiple outlet 
20 members h said expanded position are character- 

ized by a substantially circular radral cross-section- 
al shape. 

5. The sub of claim 1 wherein said multiple branching 
25 outlet rnernbers are formed of a material which may 

be ptasticatV deformed by ooid forming. 

6. The sub of claim 5 wherein said material is an al- 
loyed steel with austenitic structure. 

30 

7. The sub of claim 6 wherein said material is a nickel 
alley. 

& The sub of claim 1 wherein each of said multiple 
35 branching outlet members is of substantia By the 
same racial cross-sectional erea_ 

9. The sub of claim 1 wherein el least one of said mul- 
tiple branching outlet members is characterized by 

40 a radral cross-sectional area which is greater than 
at least one other of said murtole branching outlet 
members. 

10. The sub of ctaim 1 further comprising a leg member 
45 carried substantially ax tally downwardly from said 

second end of said branching chamber, mid a foot 
disposed at a distal end of said tec> 

11. The sub of claim 1 wherein a central support region 
so is defined at said second end of sard branching 

chamber between integral connections of said mul- 
tiple branching outlet inembers to said second end, 
and further comprising: 

6S an extension leg carried from said central sup- 

port region which extends axial ty beyond said 
multiple branching outlet rnernbers: and 
a foot disposed at a distal end of said leg. 
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12. A branching sub designed and arranged for deploy- 
ment in a borehole comprising: 

an integral housing having a top end and a bot- 
tom end and which defines a branching cham- 
ber, a main pipe, and a branching outlet, with 
said main pipe and said branching outlet each 
being bngitudinatty below said branching 
chamber and each bang in fluid communica- 
tion with said branching chamber, 
said top end of said housing being above said 
branching chamber and being adapted for con- 
nection to borehole casing, and wherein said 
lop end is characterized by a connection diam- 
eter. 

said branching sub characterized by a retracted 
rtate lor roertion inio a borehole h which me 
largest diameter o( said housing at any position 
along its longitudinal length is no greater than 
said connection diameter, and 
an expanded stale h which said branching out- 
let extends outwardly from said branching 
chamber with a diameter of said housing in said 
expanded state being greater than said con- 
nection diameter. 

13. The branching sub of claim 12 wherein said main 
□tpe has an end which defines said bottom end of 
said housing and which extends longitudinally be- 
ow an end of said branching outlet. 

14. The branching sub of daim 12 whereh said main 
pipe has threads provided at said bottom end lor 
connection to borehole casing below. 

15. The branching sub of claim 14 where m the retract- 
ed state 6aid main pipe is charactortzedby a circular 
nside radial section shape at said bottom end and 
3y a non-circular inside radial section shape at a 
ongaudmal position below said branching chamber 
and above said bottom end. and said branching oct- 
et is characterized by a non-circular inside radial 
section shape at a longitudinal position below said 
□ranching chamber. 

16c The branching sub of claim 15 where in the expand- 
ed state said branching chamber and said main 
pipe are characterized by a substantially constant 
first cfiameter of a circular inside radial shape from 
said top end to said bottom end. and said branching 
outlet is characterized by a substantially constant 
second diameter of a circular inside radial shape 
from said branching outlet end to said branching 
chamber. 

17. The branching sub of claim 13 further comprising a 
first longitudinal rib which is integral with said hous- 
ngand which extends from said bottom end to said 



top end in a path along the exterior of said housing. 

1 8. The branching sub of claim 17 further comprising a 
second tongitucSnaJ rib, spaced peripherally from 

s said first longitudinal rib which extends from said 
bottom end to said top end h a path along the ex- 
terior of said housing 

19. The branching sub of claim 18 further comprising a 
to deflecting structure which separatee said main pipe 

from said branching outlet from said branching 
chamber longfturJnafly downward to said end of 
sad branching outlet 

ts 20. The branching sub of claim 13 further cornprisiig a 
driSabla cap secured to said end of said branching 
outlet 
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